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DIGITAL COMMAND SYSTEM 
BY 
J. M. P a t t e n  
ABSTRACT 
A command, by d e f i n i t i o n ,  i s  a u n j m e  s i g n a l  t h a t ,  when t r a n s -  
d t t e d  and r e c e i v e d ,  i n i t i a t e s  t h e  o d e r a t i o n  o f  p r e s c r i b e d  f u n c t i o n .  
The MOLAB w i l l  be commanded t o  perform a wide v a r i e t y  of p r e s c r i b e d  
f u n c t i o n s  th roughou t  i t s  u s e f u l  l i f e  on t h e  moon's s u r f a c e .  The s p h e r e  
o f  i n f l u e n c e  w i l l  ex t end  t o  a l l  major d i s c i p l i n e s  a s s o c i a t e d  w i t h  the  
v e h i c l e  such a s  power, n a v i g a t i o n ,  m o b i l i t y ,  s c i e n t i f i c  i n s t r u m e n t a t i o n ,  
and communication. 
T h i s  r e p o r t  w i l l  conce rn  i t s e l f  w i t h  f i v e  d i s c r e t e  phases  of com- 
mand and c o n t r o l ;  i . e . ,  an  a n a l y s i s  of  t h e  proposed Gemini /Apollo d i g i t a l  
cormnand system, a l i s t i n g  of MOLAB f u n c t i o n s  t h a t  w i l l  r e q u i r e  commands, 
a proposed sys tem i n  p o i n t  des ign  t h a t  w i l l  s a t i s f y  t h e s e  command re- 
qu i r emen t s ,  a d i s c u s s i o n  of  codes and cod ing  t e c h n i q u e ,  and a summar 
o f  m u l t i - a p e r t u r e  magnet ic  c o r e  f u n c t i o n s .  
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I .  c) APOLLO Pl r , I  :4L COMMAND SY S I iiP1 
The commands w i l l  o r i g i n a t e  i n  an assembly c a l l e d  the  DCS ( D i g i t a l  
Command System), manufactured by Rad ia t ion  Incorpora ted .  This  u n i t  has  
the  a b i l i t y  t o  s t o r e  up t o  525 words wi th  a l e n g t h  of 40 bi t s /word .  
Within t h i s  u n i t  encoding w i l l  take p lace ,  g iv ing  the proper  sub -b i t  
code f o r  bo th  the  v e h i c l e  address a n d  the message. P a r i t y  checks 
w i l l  be performed f o r  bo th  ho r i zcn ta l  and v e r t i c a l  v e r a c i t y .  An 
a d d i t i o n a l  v e r i f i c a t i o n  w i l l  he performed by r e c e i v i n g  the  RF t r a n s -  
mission,  decoding the  transmi ss iop,  and r e - i n s e r t i c g  t k  message Sack 
i n t o  the encoder f o r  b i t  by b i t  comparison. 
The DCS w i l l  t r ansmi t  a command seven t imes o r  u n t i l  two v e r i f i -  
c a t i o n s  of an acceptab le  message a re  rece ived  from tbe t r a n s i t  veh ic l e .  
A b u i l t - i n  de l ay  - - -  up  t o  three C E : O P . ~ S  - - -  i s  uqed  t o  aciommodate the  
RF t ransmiss ion  t i m e .  These two v e r i f i c a t i o n  pu l ses  co inc ide  wi th  the 
acceptance i n t o  the  i n p i t  G h i f t  r c p i z t c r  of t!-.e v e h i c l e  and the  acceptance 
o f  the  c o r e  memory of the s h i f t  register coq ten t .  
The l eng th  of an ind iv idua l  command can vary €rom 16 t o  40 bi t s /word .  
Two i n t e rmed ia t e  l e n g t h s  o f  25 and 35 b i t s  a l s o  a r e  cons idered  "standard" 
word l eng ths .  The meaning o f  an ind iv idua l  b i t  i s  an a r b i t r a r y  po in t  
w i t h  the  except ion  of the f i r s t  t h ree  b i t 3  which always c o n s t i t G t e  the  
v e h i c l e  address .  The e R t i r e  message may be composed of two o r  more 
transmissions ; i . p _ . ,  zessage m i y  be =f  such a ?~r,gt!: as e- cu -.--..:-- L C q U ' L C  
two o r  more sepa ra t e  t ransmiss ions  f o r  a complete t r a n s f e r  of information.  
1 
The t ransmission of the s u b - b i t s  i s  performed by combining a one 
kc subca r r i e r  and a two kc s u b c a r r i e r  which i s  modulated by the  s u b - b i t  
t r a i n .  This combination then i s  used t o  modulate a 70 kc s u b c a r r i e r  which 
i n  t u rn  phase - sh i f t  modulates the t r a n s m i t t i n g  c a r r i e r  (S-band). The 
command rece ive r  accep t s  the p u l s e  t r a i n  and, a f te . r  t he  S-band c a r r i e r  has  
been removed, sends t h e  pulse  t r a i n  t.o a "pre-modulated processor" where 
d i sc r imina t ion  of the  70 kc s u b c a r r i e r  i s  performed. The audio s i g n a l  
then i s  processkd by a series of modules which acqu i re  sync and sub-b i t  
d e t e c t i o n .  The message then i s  routed t o  a des igna ted  s to rage  p o s i t i o n  
and held for  ope ra t ion .  
The o n - b a r d  t iming can be updated a t  w i l l  wi th  a minimkm Er ro r  
of  118 o f  a second. 
wi th  the read time to  prevcnt  the simultanecus a c t i o q  of t hese  two 
f unc t ions . 
The w r i t e  po r t ion  o f  the b u f f e r  memory i s  phased 
n e  "memory" r e f e r r e d  t o  i s  the guidance computer s to rage  which i s  
t h e  r e c i p i e n t  of a l l  command messages. 
2 
2.0 GROUND STATION ENCODING FOR TEE G E M I N I  COMMAND SYSTEM 
P r i o r  t o  sub -b i t  encoding a t  t he  ground s t a t i o n ,  the d i g i t a l  command 
This  format may assume pu l se  t r a i n  format i s  as represented  i n  F igure  1. 
one of two c o n f i g u r a t i o n s :  
t he  commanded func t ion  e s s e n t i a l l y  i s  ac ted  upon a t  the t i m e  of t r a n s -  
mission,  and 2) a s t o r e d  program command (S.P.C.) i n  which the  commanded 
func t ion  i s  performed i n  some f i n i t e  f u t u r e  time. 
1) a r e a l  time command (R.T.C.) i n  which 
The 5 b i t  add res s  of both formats  f u r n i s h e s  a 3 b i t  v e h i c l e  addres s  
and a 2 b i t  system des igna t ion  f o r  d i r e c t i n g  the subsequent code groups 
t o  a R. T. C. o r  a S. P. C. performance. The R. T. C. message c o n t a i n s  a t o t a l  
of twelve b i t s  --- seven of  which a r e  reserved  f o r  deno t ing  d i s c r e t e  
commands (2 o r  128 commands). The S.P.C. message format i s  composed 
of  35 consecut ive  b i t s  which a re  used i n  the fo l lowing  manner: seven 
b i t s  f o r  d i s c r e t e  command func t ion  t o t a l i n g  127  messages (p rov i s ion  i s  
made on ly  f o r  64 commands i n  the co re  s to rage ,  however), 1 7  b i t s  a r e  
r e se rved  f o r  a time l a b e l  (2 ), m d  s i x  b i t s  a r e  reserved  f o r  co re  
s t o r a g e  address .  During the  encoding process  a t  t he  ground s t a t i o n ,  each  
of  t hese  " informat ion  b i t s "  i s  repsesented  by f i v e  s u b - b i t s ,  which i s  the  
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3 .0  THE GEMINI/APOLLO DIGITAL COMMAND L I N K  
A comparative s tudy  on the Apollo a d  Gemini commazld l i r , k s  i l -  
l u s t r a t e s  a g r e a t  s i m i l a r i t y  in  b a s i c  des ign  and ope ra t ion ,  
conf igu ra t ion  i s  presented here in  because of a more ex tens ive  format 
and an exc lus ive  on-board buf fer  s to rage  which makes i t  somewh-at_ more 
a p p l i c a b l e  t o  the  MOLAB. 
T5e Gemini 
The capsule  w i l l  be r ecep t ive  t o  a v a i i e t y  of unique d i g i t a l  com- 
mands. These commands share  a common format of v e h i c l e  addre3:s: cub-  
system des igna t ion ,  and s p e c i f i c  i n s t r u c t i o n .  These c0mmar.J~ kave !he 
a d d i t i o n a l  p rope r ty  of be ing  e s s e n t i a l l y  as:ted upon i n  r e a l  t imc cr of 
be ing  s t o r e d  on the v e h i c l e  i n  a c o r e  memory f o r  pos t  recept ior .  aLtion. 
Regardless  o f  t he  "time of act ion" fu-:cticn, the d i g i t a l  commsnds a-c' 
composed. of  f i v e  s u b - b i t s  which c o q s t i t u t e  a s i n g l e  ir:fcrrration b i t .  
The use of s u b - b i t s  g r e a t l y  inc reases  t_ke s t c u r i t y  o f  the  command 2ydsem 
and reduces  the  p o s s i b i l i t y  of a f s l i c  commaxd being ac t ed  upon. 
A d i g i t a l  command, whictt is  compz'i5t:d of s ~ r i a l  form St:h-bitS,  i s  
used t o  phase s h i f t  key (PSK) a two kc 3u)3:arrier o s c i l l a t o r .  o u t -  
put  from t h i s  o s c i l l a t o r  then i s  ~ ~ , r n w J  l i n ~ e r l y  wi th  a pt.3s-e c3bb.sent 
one kc sync subca r r i e r .  This composite s i p a l  i s  used t o  mcbulato a 
70 kc s u b c a r r i e r  p r i o r  t o  i n c e r t i c n  Ilh-1~0 t k c  S-band phase. r c o d u l a t ~ ~ d  
t r a n s m i t t e r .  I n  summary - - -  PSK/FM/PM. 
Ph.ase s h i f t  keying i s  the method used i n  the  encoding df the  b inary  
message and r e s u l t s  i n  a binary  command having a 027.2 degrees  phase s h i f t  
5 
( d l )  and a b ina ry  "zero" having a 180 2 7 . 2  degree phase s h i f t  (Q2). 
The b i t  r e p e t i t i o n  r a t e  i s  one kc ( exac t ly  equal  t o  the  coherent  sync 
r a t e )  and w i l l  g ive a message informati .on ra te  of 200 b i t s / s econd .  
(1000/5 = 200) 
Upon r ecep t ion  of  the  phase modulated s i g n a l ,  the  S-band c a r r i e r  
i s  removed and t h e  video s i g n a l  i s  fed t o  the  Pre-modulated Processor  
which con ta ins  a 70 kc d i s c r i m i n a t o r .  The d i s c r i m i n a t o r ' s  audio  ou t -  
pu t  then  i s  d iv ided  i n t o  two i n t e r a c t i n g  c i r c u i t s  w i th in  the  sub -b i t  
d e t e c t o r ,  i .e. , t h e  message s u b - b i t  phase d e t e c t o r ,  and t h e  -sync sub-b i t  
phase d e t e c t o r  ( see  Figure 2 ) .  The composite s i g n a l  t h a t  c o n t a i n s  the  
two s u b c a r r i e r s ,  which a r e  or thogonal ,  is  app l i ed  t o  a somewhat con- 
v e n t i o n a l  phase-lock loop c i r c u i t .  This  loop con ta ins  a four  kc V.C.O. 
which i s  modulated by the  phase d i f f e r e n c e  between the  incoming sync 
s i g n a l  and the  l o c a l  four  kc V.C.O.  which i s  modulated by the  phase 
d i f f e r e n c e  between the  incoming sync s i g n a l  and the  l o c a l  four  kc 
o c i l l a t o r .  This  genera tor  w i l l  experier ,ce  two d i v i s i o n s  r e s u l t i n g  i n  
a l o c a l  one kc s i g n a l .  The modillation of  t he  four  kc V.C.O. i s  such 
t o  reduce the phase d i f f e r e n c e  and, when the  phase r e l a t i o n s h i p  i s  a t  
90 degrees  (quadra tu re ) ,  sync lock  w i l l  occur .  (The s i g n a l  l a g s  the  
one kc carrier by 90 degrees . )  Within the  loop,  c lock  pu l ses  are ex- 
t r a c t e d  a f t e r  each frequency divis io- i . ;  t hbs  a coherent  two kc and a one 
kc c lock  p u l s e  i s  a v a i l a b l e  f o r  addi t ioxlal  work w i t h i n  the  message sub- 
b i t  de t ec to r .  
The message sub-b i t  d e t e c t o r  u s e s  a product  demodulation technique of 
d e t e c t i o n  by be ing  m u l t i p l i e d  by the  coherent  two kc c lock  pulse .  The 
6 
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r e s u l t a n t  of t h i s  mu1 t i p l i c a t i o n  w h e n  i n t e g r a t e d  over  3 1 b i t  t ime e x h i b i t s  
a p o l a r i t y  c h a r a c t e r i s t i c  t h a t  j.s coiiiinensurn1:e wjth the  phnsr ( i  . e . ,  a 
"one" o r  "zero!'  b i t ) .  This  output. then i s  app l i ed  t o  a matched f i l t e r  
where t h e  charge induced inCo  3 c.apnci tor  i s  snmpled o r  i n t e g r a t e d  wi th  
r e spec t  t o  charge .  Since t h i s  c1inri:c (GAB) i s  a func t ion  of t h e  cos d,  and 
(d, and, by d e f i n i t i o n ,  can assume only one of two ang le s ,  t h e  product 
must be e i t h e r  nega t ive  o r  p o s i t i v e .  The sampling i s  performed by 
shor t en ing  the  i n t e g r a t i n g  c a p a c i t o r  t o  groiind v i a  a swi tch ing  t r a n s i s -  
t o r .  
-2- 
A matchcd f i l  ~ C J :  ampl.ifiei- aiiipl i.fi(:s i tcd thc3.n i.nvci-l:s the s i g n a l  
be fo re  passing i t  on t o  ;I J c c i  si.or: 171 j p - f l o p  w!?ich n:,suniCs t h e  p o l a r i t y  
of t h e  matched f i l t e r  ou tput  a n d  whicl! 1II;iki.s t h c  t )..?in of s u b - b i t s  a v a i l -  
a b l e  f o r  en t ry  i n t o  t h c  i n f o r ~ n s (  - i o n  b i t -  de:.oder. 
Synchronizat ion of t h e  ind iv idua l  s t a g e s  i s  maintained by u s i n g  t h e  
common b a s i s  of  t h e  f o u r  kc r e fe rence  s i g n a l .  The c lock  pu l se  f o r  t h e  
matched f i l t e r  i n t e g r a t i o n  i s  de r ived  by i n v e r t i n g  t h e  one kc r e fe rence  
p u l s e  ( c i r c u i t  drawn from t h e  f o u r  kc c s c ~ l l a t o r )  and "anding" wi th  t h e  
two kc re ference  p u l s e .  This  c lock pulse  Lr iggers  (1 m u l t i v i b r a t o r  i n  which 
t h e  r i s e  time ope ra t e s  t h e  " i n t e r r o g a t e  a73 d c q p "  c i r c u i t r y  and t h e  f a l l  
t i m e  t r i g g e r s  t h e  dec i s ion  f l i p - f l o p s .  Fhase lock a l s o  i s  i n d i c a t e d  by 
gene ra t ing  a one kc r e fe rence  s i g n a l  t h a t  i s  in-phase  wi th  t h e  incoming 
p u l s e  t r a i n .  This  in-phase one kc d i f f e r s  from t h e  one kc c lock  a s s o c i a t e d  
wi th  t h e  sub-b i t  d e t e c t o r  i n  t h a t  t h i s  c l o c k  i s  90 degrees  out -of -phase .  
The phase d e t e c t o r  output  i s  i n t e g r a t e d  and fed  t o  a th re sho ld  d e t e c t o r  
t o  prevent  f a l s e  lock on n o i s e .  During t h e  "cu t -of - lock"  c o n d i t i o n ,  t h e  
8 
i n t e g r a t e d  output  vo l t age  From the phase d e t e c t o r  i s  zero wi th  an o v e r a l l  
time cons t an t  €or the d e t e c t o r  being approxiinately 100 mi l l i s econds .  
3 . 1  DIGITAL COMMAND ASSEMBLIES 
The d i g i t a l  conunand p u l s e  t r a i n  ( see  F igure  1) as r ece ived  from the 
sub-b i t  d e t e c t o r  i s  appl ied  t o  two information b i t - d e t e c t o r s .  Both de-  
t e c t o r s  a r e  r equ i r ed ,  as the coding €or the v e h i c l e  addres s  d i f f e r s  from 
the  message coding. The vehic le  address  d e t e c t o r  i s  a s o l i d - s t a t e  mag- 
n e t i c  decoding tree:k which w i l l  d e t e c t  the  f i r s t  15 s u b - b i t s  ( t h r e e  i n -  
formation b i t s )  and, i f  the  15 sub-b i t s  a r e  v a l i d ,  an output  from the  
decoding t r e e  w i l l  enable  add i t iona l  d e t e c t i o n  t o  be performed. (See 
F igure  3 . )  I n  the  event  t h a t  the i n i t i a l  v e h i c l e  address  i s  n o t  v a l i d  
( e i t h e r  due t o  noisy  s i g n a l s  o r  the  r e c e p t i o n  of an a l t e r n a t e  v e h i c l e  
address )  no ou tpu t  w i l l  occur ,  thereby prevent ing  an a d d i t i o n a l  decoding 
process .  
With the  v e h i c l e  address  c o r r e c t l y  rece ived ,  the next  10 s u b - b i t s  
are decoded and a r e  checked f o r  ope ra t iona l  mode, i . e . ,  r e a l  time com- 
mand (R. T. C. ) o r  s to red  program command (S. P. C. ).  I f  t hese  two i n f o r -  
mation b i t s  (10 sub-b i t s )  a r e  "zero", an enab l ing  pulse  w i l l  be s e n t  t o  
the  s to red  command assembly. Conversely, i f  the two b i t s  a r e  "ones", 
t he  r e a l  t i m e  command assembly w i l l  r e ce ive  the enab l ing  pu l se .  By 
$<Magnetic decoding by use of mul t i - ape r tu re  core  i s  d i scussed  i n  d e t a i l  
i n  Sec t ion  7 . 0  of t h i s  r e p o r t .  
9 
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us ing  these  two codes (00 and l l ) ,  d i s t a n c e  protention;k i s  generated wi th in  
the  system, and i f  a non-val id  code i s  de t ec t ed ,  n e i t h e r  assembly w i l l  be 
enabled.  
Assuming the  enab l ing  of  the R.T.C. assembly, the next  seven i n f o r -  
mation b i t s  are d i r e c t e d  through a magnetic co re  decoding tree,  which 
chooses  the  d i s c r e t e  command. A count ing  of in format ion  b i t s  a l s o  is  
performed w i t h i n  t h i s  assembly (by s h i f t  r e g i s t e r )  and, a f t e r  seven 
v a l i d  informat ion  b i t s  and one inva l id  b i t  ( f i v e  s u b - b i t s )  have been 
r ece ived ,  an EOM (end of  message) pu l se  i s  generated.  This  pu lse  acts  
a s  a R.T.C. execute  command fo r  the decoding tree terminus.  Information 
i s  e x t r a c t e d  from the  l a s t  core  by i n s e r t i n g  the  s i g n a l  t o  a d iode  ca -  
p a c i t o r  i n t e g r a t o r .  If the  EOM s igna l  i s  not  generated a f t e r  decoding, 
t he  c a p a c i t o r  i s  d ischarged  by a loading  r e s i s t o r .  
An a l t e r n a t e  cond i t ion  i s  the enab l ing  of  the  S. P.C. assembly 
which c o n s i s t s  o f  two s h i f t  r e g i s t e r s  i n  s e r i e s  ( 6  b i t  and 24 b i t ) ,  
a magnetic co re  decoding t r e e ,  and the  co re  loading  l o g i c .  (See Figure 
4 . )  This  assembly s t a r t s  a b i t  count a f t e r  the S. P.C. enable  h a s  been 
genera ted  and s h i f t s  24 information b i t s  through the  two r e g i s t e r s .  
A f t e r  t he  24th b i t  has  been en tered ,  the  memory row decoding tree is 
enabled.  When a t o t a l  of 32 v a l i d  b i t s  have been s h i f t e d ,  the  t i m e  
l a b e l  and the  d i s c r e t e  command a re  loca t ed  i n  the memory inpu t  r e g i s t e r  
W e e  Sec t ion  8.1 f o r  d e t a i l s  on d i s t a n c e  p ro tec t ed  codes. 
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,ind the  s i x  tnettiory row s e l e c t  i o n  b i t s  have reached the decoding t ree  
terminus.  The next f i v e  s u b - b i t s ,  i f  i n v a l i d ,  w i l l  i n d i c a t e  an EOM 
and i n i t i a t e  a s t robe  f o r  command and time l a b e l  e n t r y  t o  the  core  
mmory. The co re  tnelnory, a s  shown i n  Figure 4 ,  c o n s i s t s  o f  2 4  coluiiins 
and 64 rows us ing  mul t l - ape r tu re ,  nun-des t ruc t  co res .  Each of  the  64  
rows con ta ins  a complete s to red  command, i nc lud ing  the o p e r a t i o n a l  
message and time l a b e l .  Ent ry  i s  made t o  the  memory by f i r i n g  the 
column d r i v e r s  which a r e  a s soc ia t ed  wi th  a zero b i t  i n  the  inpu t  re- 
g i s t e r .  A f L e r  a t h r e e  microsecond de lay ,  the row d r i v e r  i s  f i r e d .  
Coincidence o f  column and row d r i v e r  c u r r e n t s  produce a c l e a r  s t a t e  i n  
the a s soc ia t ed  core .  Without the column d r i v e ,  a s  i n  the c a s e  wi th  a 
"one" i n  the input  r e g i s t e r ,  t h c  co re  i s  s e t  by tile row d r i v e r .  (See 
Figure 5 . )  
Synchronizat ion f o r  c o r e  memory and command execu t ion  o r i g i n a t e s  i n  
the  veh ic l e  c lock  which o p e r a t e s  a t  217 c y c l e s  p e r  second. 
of t h i s  c lock is  counted dowrr by a 1 7  s t a g e  f l i p - f l o p  assembly ( see  
Figure 6 )  wiLh the  f i n a l  s t age  o p e r a t i n g  a t  one cps .  Buffer  a m p l i f i e r s  
a r e  in se r t ed  i n t o  the L l i p - f l o p  c i r c u i t s  f o r  e x t r a c t i n g  synchronized 
c lock  pulses  t o  opera t e  va r ious  s e c t i o n s  of  the memory read c i r c u i t r y .  
The t i m e  accumulator i s  a product  of  the  v e h i c l e  c lock  i n  which the  ou t -  
put  i s  used f o r  coincidence checking the  s t o r e d  commands. The accumulator 
i s  designed so t h a t  the t o t a l  accumulat ion w i l l  no t  exceed 1 3 1 , 0 7 2  seconds 
( 3 6  hours ,  24 inirlutes, and 32 seconds) .  
The ou tpu t  
The memory-read cyc le  i s  a cont inuous  o p e r a t i o n  of  s ens ing  the  co re  
c o n t e n t ,  making a time comparison and, i f  agreement i s  achieved between 







memory time and v e h i c l e  time, the  a c t i v a t i o n  of  the  command ( s e e  
Figure  7 ) .  
o f  t he  time accumulator,  and a l l  rows a r e  s e q u e n t i a l l y  scanned i n  1 /64  
of  a second,.for each row. The t r a n s f e r  from the  co re  t o  two memory ou t -  
put  r e g i s t e r s  i s  done v i a  24 sense a m p l i f i e r s  (one per memory row), These 
r e g i s t e r s  a r e  s i zed  f o r  16 b i t s  and e i g h t  b i t s  wi th  the  former accep t ing  
the  16 l e a s t  s i g n i f i c a n t  t i m e  l a b e l  b i t s  and the  8 b i t  r e g i s t e r  accep t ing  
the  seven command b i t s  p l u s  the  most s i g n i f i c a n t  t i m e  l a b e l  b i t .  Two 
ou tpu t s  from the  v e h i c l e  c lock  provides  c lock ing  f o r  s e r i a l l y  s h i f t i n g  
The c y c l e  i s  i n i t i a t e d  a t  row 6 3  due t o  i t s  updat ing  process  
the con ten t s  of t he  output  r e g i s t e r  t o  two sources :  the t i m e  cornparitor 
and the  s to red  program decoding tree. A 1024 cps  c lock  i s  used f o r  t h e  
16 b i t  ou tput  r e g i s t e r  and a 512 cps  c lock  i s  used f o r  the  8 b i e  r e g i s t e r .  
The t i m e  cornparitor,  which uses  b a s i c  d i g i t a l  l o g i c ,  a c t s  as a series 
coincidence ga te  wi th  a r e s e t  pu lse  capabil!tY if &$s&gr6;QBmgnt~&MM~l~,iIf 
a l l  s to red  time b i t s  d i sag ree ,  t he  t i m e  cornparitor w i l l  genera te  17 reset 
pu l ses  wi th in  the 1 /64  of a second scan t i m e .  
During the  t i m e  t h a t  time-comparison i s  be ing  conducted, t he  command 
message i s  decoded i n  a magnetic decoding tree. The o u t p u t  from the  
l a s t  co re  i s  i n t e g r a t e d  and i f  t he  t i m e  compari tor  does  no t  gene ra t e  a 
reset pulse ,  an execute  command i s  generated from the t i m e  cornparitor 
and the  command func t ion  i s  i n i t i a t e d .  
16 
H m F rn 
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4 I 0 COM.MAND SYSTEM CONCEFTUAL DESIGN 
The conceptual des ign  f o r  t he  MOLAB d i g i t a l  coinmand system i s  a n  
ou tg rok j th  of  t h e  Apollo/Geinini system w i t h  many of  i t s  c h a r a c t e r i s t i c s  
maintained.  Changes .,ere introduced,  .Jhere necessa ry ,  t o  accommodate the  
l a r g e r  nuinber of cominands a s s o c i a t e d  a i t h  t h e  r o v i n g  v e h i c l e  and i t s  
s c i e n t  i f  i c  gear  I 
Prepa ra t ion  f o r  t b i s  des ign  s tudy was performed by i n i t i a t i n g  a 
t e n t a t i v e  l i s t  of  poss ib l e  MOLAB commands and, by w r i t t e n  c o n t a c t  w i t h  
the  cognizant groups,  an e d i t e d  v e r s i o n  of  t he  command l i s t i n g  was 
made w h i c k  s c r v e s  aq a <+orking paper.  This  command l i s t  i s  reproduced 
i n  Tdbles 1, 11, and I11 The rolullin t i t l e s  a r e  s e l f - e x p l a n a t o r y  w i t h  
the  exLept io? of " M i n i m u m  Time In<  rement", "Duty", and " P r i o r i t y " .  
The 'Minimum Time In, rement" r e f e r s  t o  the  r e s o l u t i o n  r e q u i r e d  i n  t i m e  
f o r  the  a c t u a t i o n  of  a s to red  command. I t  appears  from t h i s  t a b l e  t h a t  
t h e  g rea t eq t  lemar7-l i nvo lves  a one-second t i m e  increment which i s  coin- 
p a t i b l e  with + l - ~  Apollo/l ,emini system. The "Duty" f a c t o r  r e l a t e s  t o  
s i n g l e  ~omninnd uqage. The " P r i o r i t y "  l i s t i n g  i s  a n o t a t i o n  of  those 
f u n c t i o n s  w h i c h  could cause a c a t a s t r o p h i c  c o n d i t i o n  i f  t h e  commands 
were n o t  acted upon immediately. 
From t h i s  t a b l e  a de te rmina t ion  was made wi th  r e s p e c t  t o  the  number 
and type of commands: 356 r e a l  time commands ( R . T . C . )  and 241 s t o r e d  
program cornmcl-ds (S. P. C. ) ,  To main ta in  an o p e r a t i o n a l  s i m p l i c i t y ,  a l l  
commands were considered " d i s c r e t e "  even though t h e  r e s u l t i n g  a c t i o n  
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TABLE 2 - ANTICIPATED COMMANDS 
The following table lists the anticipated commands with notations of 
the manner of operation: 
LOCOMOTION 
Speed 
S tee r ins 
c 1 u c Ch 
Bralcc s 
I -  POWER 
Fuel Cells 





Mono / S t e r eo 





ACTIVATION AND OPERATIVE CHECKOUT 
S 1: e e r in3 
c 1 ut ch 
Brakes 






























2 3  
TABLE 2 (CONTINUED) 
NAVIGATION (SYSTEM NUMBER TWO) 
Heading 





S t a r t  Coordinates 





C r i t i c a l  System 
Tape W. (Write) 
Tape R .  (Read) 
COMMUNICATIONS 
Amp 1 it ron 
Exciter 
s. c. 0. 
Voice Receiver 
Antenna (Main Dish) 
Antenna Direct/Non-Direct 
Antenna I n i t i a l  Erection 
















































Read stop i 
Tiedown Explosive Bolts 
Slow Rotation Motor’ 
Ramp Extension 
Axle Support Explosive Bolts 
Winched Off 








Gyro Htr. Override 
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TABLE 2 (CONTINUED) 
NAVIGATION (SYSTEM NUMBER ONE) 








































TABLE 3 - TENTATIVE COMMANDS FOR MOJAB 
-- - 












Activation Checkout and Unloading 
Activation and Operative Checkout 







9 5  
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*This navigation system contains the greater number of commands and is 
used as the "worst case" condition for sizing. 
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zoom lens  requirement  f o r  t e l e v i s i o n .  A s i n g l e  comniand f o r  forward 
a c t i o n  i s  t r ansmi t t ed  which would engage a r eve r sab le  motor t o  d r i v e  
the  zoom l e n s  mounting i n  a forward d i r e c t i o n .  Once i n i t i a t e d ,  t h i s  
a c t i o n  would cont inue u n t i l  a llstop" command was r ece ived  o r  t he  l e n s  
muwitin:; Iiad been exteiided t o  the limit of  ills t r a v e l .  To r e t r a c t  the  
l.ciis, :' ' ' reverse"  command wou1.d be t r ansmi t t ed  and the  complementary 
:;c;:ion ~:rju.!.cl resu1. t .  V a r i a i : i c . n s  of irliis d i s c r e t e  p ropor t iona l  conmand- 
i 11:; sys!-ci:i c:," !,c tx;ci -dcd : : ( j  ;:iLc> i~ieiiive : ;uLcys~em~ f o r  controll . in;;  the  
~ J C ~ I  i c Le. 
By d e f i n i t i o n ,  a r e a l  time command i s  one which c r e a t e s  a c t i o n ,  
e s s e n t i a l l y  a t  the time of r ecep t ion .  The only  de l ay  encountered 
r e s u l t s  from the t ransmiss ion  and decoding t i m e  (about  1 .33  seconds) .  
A s t t  r ed  program command, by d e f i n i t i o n ,  i s  a command which when 
rece ived  i s  s tored  wi th  a "time of  a c t i o n  l a b e l "  i n  an on-board core  
memory. These s i o r e d  commands a r e  exclmined once a second f o r  t ime 
coincit lc~,irc 1.i) t l i  an i n i e r n n 1  ( v e h i c l e )  c lock  and,  i f  a match occur s ,  
the  command i s  performed. 
The ccmmand l i n k  from e a r t h  t o  the  v e h i c l e  w i l l  be o p e r a t i o n a l  
du r ing  the €allowing modes: 
1.  Unloading and Checkout - Tiedown b o l t s ,  ramp ex tens ion ,  
complete v e h i c l e  checkout ,  s c i e n t i f i c  ins t rument  deployment, 
t e l e v i s i o n ,  v e h i c l e  locomotion, e t c .  
2 .  --I-- Dormant - S c i e n t i f i c  exper imenta l  c o n t r o l ,  v e h i c l e  checkout ,  
housekeeping, e t c  , 
28 
3 .  Unmanned Roving - Televis ion ,  v e h i c l e  locomotion, nav iga t ion ,  e t c .  
The noted commands are r e p r e s e n t a t i v e  and are l i s t e d  on ly  t o  in -  
d i c a t e  a gene ra l  type of  command. 
The command pu l se  t r a i n  w i l l  o r i g i n a t e  i n  a DCS. ( d i g i t a l .  c o n t r a l ,  
system) u n i t  l oca t ed  on e a r t h .  Th i s  h igh ly  f l e x i b l e  u n i t  a l l ows  up t o  
37 b i t s  t o  be used i n  a d i s c r e t i o n a r y  manner and each b i t  of in format ion  
w i l l  undergo encoding i n t o  a 5 sub-b i t  code which then , i s  tranarniti4.d 
a t  1000 b i t s  per  second. Within the  MOLAB v e h i c l e  a sub -b i t  d e t e c t o r  
r e c o n s t i t u t e s  t h e  pu l se  t r a i n  to  i t s  o r i g i n a l  form ( see  F igure  8 ) .  A 
R.T.C. c o n s i s t s  of 14 i n f o  b i t s  wi th  the  f i r s t  3 b i t s  a l l o t t e d  t o  
v e h i c l e  addres s ,  t he  n e x t  2 b i t s  a l l o t t e d  t o  subsystem d e s i g n a t i o n ,  and 
the  fo l lowing  by 9 b i t s  a l l o t t e d  t o  the  d i s c r e t e  commands.. . A ,  d i g i t a l  , 
command system i n t r i n s i c a l l y  douh?cs the  r?llmber cf i n t e g e r s  v i t h  each 
a d d i t i o n a l  b i t .  Th i s  i nhe ren t  c h a r a c t e r i s t i c  i n e v i t a b l y  causes  an over-  
des ign  i n  the  system as the  quan t i ty  of exac t  numbers i s  l imi t ed .  .This 
i s  r e f l e c t e d  i n  the  choice  of 2 b i t s  f o r  t h e  command p o r t i o n  of the  
pu l se  t r a i n .  
a n t i c i p a t e d  156 "spare" command p o s s i b i l i t i e s  remain a v a i l a b l e  f o r  ex- 
pansion.  
9 
The decimal equiva len t  of 2' i s  512 and, w i t h  356 R,T.C. 
The maximum rate  a t  which a real  t i m e  command may be t r a n s m i t t e d  i s  
200/14 o r  approximately 1 4  commands per  second. This number i s  i n d i c a t i v e  
o n l y  of a maximum ra te  and does not inc lude  r e t r ansmiss ion  o f  t he  command 
f o r  v e r i f i c a t i o n .  (Note: This  po in t  i s  d i scussed  i n  Sec t ion  5.0.) The 
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uiinanried roving  modes (unloading from the  t r a n s p o r t  v e h i c l e  and rendezvous 
~i t l i  the  a r r i v i n g  a s t r o n a u t s ) .  During t h i s  p e r i o d ,  the locomotion te le-  
v i s io r .  and nav iga t ion  predominate. During the  dormant phase,  t he  R.T.C.  
f unc t ions  p r i m a r i l y  w i l l  be d i r e c t e d  t o  s c i e n t i f i c  and housekeeping 
systems,  It a l s o  i s  a n t i c i p a t e d  t h a t  complete system checkouts  w i l l  be 
'performed oi l  a p e r i o d i c  b a s i s  during t h i s  t ime. 
A s t c r e d  program command requ i r e s  39 b i t s  f o r  complete encoding. The 
f i r s t  14 b i t s  perform the  same func t ion  as  an R.T .C .  format ,  followed by 
1 7  b i t s  which a c t  a s  a time l a b e l  f o r  the  command. 
(numbers 32 and 33 i n  the  pu l se  t r a i n )  a r e  used f o r  core  memory p lane  
addres s ,  and the  s i x  remaining b i t s  func t ion  as a memory row address .  The 
s tLrage  c a p a c i t y  of the  memory i s  256 words o r  6656 b i t s ,  which exceeds 
t h e  a n t i c i p a t e d  s t o r e d  commands by 15. The maximum number of s t o r e d  
commands t r ansmi t t ed  would be 200/39 , o r  approximately f i v e  per  second. 
The fo l lowing  two b i t s  
The time labe?  of 1 7  b i t s  when equated t c  seconds w i l l  provide 36 
l icurs ,  24 minutes ,  32 seconds of time de lay  f o r  a command i n s t i g a t i o n .  A 
b r i e f  a n a l y s i s  w a s  made ( see  Appendix) f o r  the  minimum t i m e  a v a i l a b l e  a t  
Goldstone,  C a l i f o r n i a ,  i n  which commands could be t r ansmi t t ed  wi th in  any 
one 24-hour pe r iod .  This  study i n d i c a t e s  a minimum 9 . 2  hour "see t i m e "  
which i n  tu rn  would r equ i r e  a s torage  capac i ty  of 14.8 hours on the  MOLAB. 
I n  t h e  i n t e r e s t  of s a f e t y ,  an a d d i t i o n a l  b i t  was included i n  the  t i m e  l a b e l  
t o  accommodate an  unforseen contingency. 
C u r r e n t l y ,  the  DCS uniL i s  programmed t o  t r ansmi t  a command seven 
t imes  i n  success i cn  o r  u n t i l  an "accept" pu l se  i s  rece ived  from the  v e h i c l e .  
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I n  a d d i t i o n  to numerous p a r i t y  check.s, a n  independent r e c e i v e r l d e c o d e r l  
b i t -compar i tor  i s  used a t  the groucd s t a t i o n  t o  add confidence i n  t h e  
t r a n s m i t t e d  c x k .  An ana1ysi.s ,as inade of  t he  s t a t i s t i c a l  p o s s i b i l i t i e s  
o f  a n  erroneous code being received and a c t e d  upon. 
u s i n g  a s tandard 150 s u b - b i t  code was i n d i c a t e d .  
A lo-’ p r o b a b i l i t y  
P r imar i ly ,  t he  changes i n  t h e  Apollo/Gemini equipment w i l l  occur i n  
the r e c e i v i n g  modules. 
a r e  based p r imar i ly  on the  35 b i t  Gemini format (Figure 1 ) .  Addi t iona l  
modi f ica t ion  wi th  r e s p e c t  t o  packaging and e l e c t r o n i c  l o g i c  undoubtly 
w i l l  be r equ i r ed .  
Some of t h e  major changes a r e  presented below and 
1. Ve!iicle Address - B i t s  1 - 3  
No change a n t i c i p a t e d  
--- _--- 
2 E.?. C. and_-S..~._C_.__S_u_b_s_ys_tem D signat ion - B i t s  4-5 
No change a n t i c i p a t e d  
3. Command .- Bits  6-14 
An i n c r e a s e  o f  2 b i t s  i s  r e q u i r e d  t o  accommodate t h e  added 
number o f  commands 
4 Time Label - B i t s  12-31 
No change anl-icipared 
5. P1ac~ Address . B i t s  32-33 
An a d d i t i o n a l  a d d r e s s  command i s  r e q u i r e d  t o  d e s i g n a t e  t h e  
p a r t i c u l a r  memory p l ane  t o  be used 
6.  - Row AdAr-csA - B i t s  34-39 
No changes a n t i c i p a t e d  
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The o \ le ra l l  change b a s  b e e n  minor and  the L b i t  incredse  over  the 
Gemini format i s  wi th in  the c a p a b i l i t i e s  of the ope ra t iona l  DCS u n i t  
manufactured by Radia t ion ,  Inc .  Changes w i l l  be reqbi red  w i t h i n  the 
decoding system and a r e  l i s t e l  b e l o i  i n  ttie o rde r  o f  appearance wi th in  
tbe  assembl ies :  
1. The l e n g t h  of the R . T . C .  s h i f t  r e g i s t e r  w i l l  be expanded t o  
accommodate two add i t iona l  b i t s  with the  EOM coming a f t e r  the  
n i n t h  command b i t  ( t h e  fou r t een th  b i t  wi th  the pulse  t r a i n ) .  
2 .  The R . T . C  decodi-ng t r e e  w i l l  be expanded by two a d d i t i o n a l  
branches t o  accommodate th'e a d d i t i o n a l  code p o s s i b i l i t i e s .  
- .  4 The !?. T. c.  r e 1 1 y  !ngic: 3?5= :.!<I1 be c x p a d c d  t o  accommoSate 
t he  a d d i t i o n a l  command func t ions .  
4 .  The two inpu t  s h i f t  r e g i s t e r s  f o r  S.P.C. w i l l  be expanded t a  an 
e i g h t  and twenty-s ix  b i t  capac i ty .  
5 .  The inpu t  de l ay  r e g i s t e r  f o r  S. P .C.  w i l l  be expanded t o  twenty- 
s i x  b i t s .  
6 .  Addi t iona l  l o g i c  w i l l  be necessary  t o  decode the plane address .  
7 .  The co re  memory w i l l  be expanded t o  26 colunins @ 64 rows wi th  
four  c o r e  p lanes  i n  opera t ion .  
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3 .  An add i t ion  t o  LIie mciiicry wri.te l o g i c  w i l l  be necessary  i n  o r d e r  
L O  u l ~ ~ r i i t e  i n  ,111 iour plane:;. 
3.  Addit ional  r ead  sense a m p l i f i e r s  w i l l  be needed t o  accommodate 
t h e  a d d i t i o n a l  memory c a p a c i t y .  
10. The memory scan logic. w i l l  be inc reased  t o  s e q u e n t i a l l y  scan a l l  
memory p l anes .  
11. Tile i n p u t  c lock 1 1 ~ 1  se t o  I h e  memory scan Jog i c  w i l l  be two 
synchronized 128 p . 1 1  s .  
1 2 .  The output  s h i f t  r e g i s t e r s  w i l l  be of a s i x t e e n ,  an e i g h t ,  and a 
two b i t  c a p a c i t y .  T h e   locking f o r  t hese  r e g i s t e r s  w i l l  be 
I r096, 2048, and  5 1 2  11. p .  s. r e s p e c t i v e l y .  
1 3 .  The S . P . C .  d e c o d i n g  tree €or  commands w i l l  be expanded by two 
branches . 
14,  The system countdown ( . lock l o g i c  w i l l  be a l t e r e d  t o  provide t h e  
fol lowing c lock  r a t e s :  1 2 8 ,  512, 2048, and 4096 pulses/second.  
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4 . 1 . 1  PRIORITY 
The use of  p r i o r i t y  i n d i c a t i o n  i n  the  format was no t  a t tempted i n  
t h i s  s tudy because o f  t he  d e t a i l e d  informat ion  r e q u i r e d  from each sub- 
system t o  l o g i c a l l y  determine i t s  rank. However, a simple one b i t  
p r i o r i t y  i n d i c a t i o n  could be i n s e r t e d  i n  the  R . T . C .  format w i t h  l i t t l e  
a d d i t i o n a l  complexity.  This  h i t ,  probably ad jacen t  t o  t h e  v e h i c l e  
addres s  b i t ,  would f l a g  the  Cys!eTr t o  r e c e i v e  an emergency message. 
4 . 1 . 2  VERIFICATION 
Seve ra l  methods may be  sed f o r  message v e r i f i c a t i o n  which employ 
thr te?emetry !ink tc r e p c r y  !>ack tc  e z r t h  ~II t!?e cede v a l i d i t y .  Trans- 
ponding the  e n t i r e  message fo r  b i t  by b i t  comparison i s  an approach which 
i s  ve ry  time consuming 0ve.r the 1ur.ar d i s t a n c e ,  and al though i t  i s  t h e  
an i n -  s a f e s t  method, would r e q u i r e  almost four  seconds per c.ommand - - -  
t o l e r a b l e  de l ay  f o r  many funct ions.  Transmi t t ing  an "acceptance" 
pulse  denot ing  the  r e c e p t i o n  (and a1:tion upon) of a v a l i d  code group w i l l  
g ive a degre.e o f  a s su rance ,bu t  i n  many s i t u a t i o n s  the  normal t e l eme t ry  
channels  w i l l  give s i m i l a r  information.  It  should be noted t h a t  d u r i n g  
the  dormant and some u i loa ' ? ing  phases t h e  time i s  not  c r i t i c a l  and 
t he  luxury o f  command v e r i f i c a t i o n  may be f e a s i b l e .  
The m o b i l i t y  subsystem ,generally r e q u i r e s  t h a t  minimum ti.ne be 
spent  i n  commanding the vehic l e ,  w h i c h  p rec ludes  an e l a b o r a t e  v e r i f i c a t i o n  
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system. A poss ib l e  scheme t o  a s s u r e  g r e a t e r  decoder acceptance i s  t h e  use 
of  a "majori ty  match" system i n  which a t  least  the  m a j o r i t y  of t h e  sub- 
b i t s  must be c o r r e c t  t o  denote ao inforination b i t .  Th i s  method, while  
a l lowing  a g r e a t e r  number of  commands t o  "get  through", a l s o  would i n -  
c r e a s e  the  p r o b a b i l i t y  of  an e r roneous  a c t i o n .  A s  noted e a r l i e r  i n  t h i s  
r e p o r t ,  t h e  p r o b a b i l i t y  of a n  e r roneous  command i s  about 10 p r o b a b i l i t y .  
The odds a r e  t h a t  about  orle o u t  o f  a hundred "co r rec t "  commands w i l l  
n o t  be accepted by the  decoder .  
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4.1.3 DISTANCE PROTECTED CODING 
The assignment of a uyiquc- command t o  a unique f u n c t i o n  should be 
performed using d i s t a n c e  p ro tec t ed  techniques r a t h e r  than an a r b i t r a r y  
d e s i g n a t i o n .  This technique provides  f o r  code s e p a r a t i o n  of  commands 
t h a t  c o n t r o l  i r r e v e r s i b l e  o r  c r i t i c a l  func t ions .  A c a s e - i n  po in t  
would be a " l e f t "  o r  " r i g h t "  tcrrning command a s s o c i a t e d  w i t h  t h e  
m o b i l i t y  subsystem. I n  t h i s  c-.uamplc the  l e f t  and r i g h t  commands should 
be mutual ly  d i f f e r e n t  by s e v e r a l  b inary  numbers. This added p r o t e c t i o n  
i s  most d e s i r a b l e  when rime does not permit v e r i f i c a t i o n .  
4 . 1 . 4  S I G N A L  LOSS A N 3  A'ITITI'DE SENSIN; 
To f u r t h e r  p r o t e c t  the roving v e h i c l e  from an unsafe  a t t i t u d e ,  i t  
i s  recommended t h a t  an ou tpu t  from l i m i t i n g  p i t c h  and r o l l  s e n s o r s  w i l l  
be l o g i c a l l y  "orerl" to  t h e  Stop aqd brake s e t  m o b i l i t y  f u n c t i o n s .  Under 
this  regimen the  v e h i c l e  can aL:r i rdcpendeqt ly  wi thout  the i n h e r e n t  t r a n s -  
miss ion  t i m e  delay.  I t  a l s o  i s  advocated t h a t  t h i s  same "or" g a t e  be 
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coupled t o  a command r e c e i v e r  s i g n a l  sei?sor t h a t  would d e t e c t  a l o s s  
o f  command l i n k .  Implementation o f  t h i s  s i -gnal  would be wi th  the  
i d l i n g  p u l s e s  o r i g i n a t i n g  i n  t k e  DcS u n i t  o r  through a c a r r i e r  AGC. 
4 . 2  COMMAND PHILOSOPHY 
The d e s i g n  as o u t l i n e d  i n  tb,ese pages does not  use the togg le  
method f o r  commanding a func t ioq ,  i e , a s i n g l e  command t h a t  r e v e r s e s  
the  s t a t u s  such a s  o n l o f f ,  upldowr, l e f t l r i g h t ,  e t c .  Although t h i s  
method would reduce t h e  t o t a l  rumher o f  commands r equ i r ed ,  t he  hazard 
of an i n c o r r e c t  command i s  increased.  This  method must r e l y  on telem- 
e r r y  t o  r e f l e c t  t he  c u r r e n t  c o n d i t i o n  and i n  some a p p l i c a t i o n s  would 
r e q u i r e  a n  i n t e r l o c k  t o  the  DCS f o r  r e l i a b l e  ope ra t ion .  
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5 .0  COMMAND PHILOSOPHY CONCEPTUAL DESIGN SUMMARY 
Many approaches could be made in the command and control design, 
but lpgic dictates that the first appraisal be of the Apollo oriented 
system. Since many of the MOLAB functions are different and are per- 
formed in a mission unlike either Gemini or Apollo, it i s  reasonable 
to assume that some changes in the basic design will be necessary. 
However, with the exception of some locomotion requirements, (see Table 
One) all other functions can be accommodated by this same MOLAB system. 
It is possible that the requirement of 30 commands/second necessary for 
guiding the MOLAB could be reduced and.stil1 be in line with other sub- 
sys tems . 
The preliminary design as presented was to establish the upper 
limits for the system based on current knowledge. Admittedly, the design 
assumes a worst case condition in respect to stored command capacity, but 
history shows that subsystem complexity tends to grow rather than decrease 
and the added design margin is thought to be justified. 
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6.0 MULTI- APTIlK'URE MAGNETIC COIXS 
The f l u x  pa th  d i r e c t i o n  wi th in  a magnetic co re  i s  a func t ion  of  the  
c u r r e n t  d i r e c t i o n  used to  magnetize t h a t  core .  This  magnetic f l u x  w i l l  
be r e t a i n e d  w i t h i n  t h a t  co re  a f t e r  the  removal of the c u r r e n t  i f  t he  
i n i t i a l  c u r r e n t  was of  s u f f i c i e n t  magnitude. 
can be shown g r a p h i c a l l y  by not ing  the  h y s t e r e t i c  loop generated by a 
core .  (See F igure  9,  Sketch 1 , )  Two d i s t i n c t  s ta tes  of  a c o r e  are 
shown, i . e .  , a "c lear"  s t a t e  corresponding t o  - B r - B s  and a ' " s e t "  s t a t e  
corresponding t o  +Br  +Bs. 
dur ing  the  t i m e  o f  a c t i o n  magnet izat ion,  and B r  i s  a numerical  o r  rem- 
anent  f l u x  i n t e n s i t y  reached a f t e r  the  magnet iz ing c u r r e n t  has  been 
removed. For convenience,  the d i r e c t i o n  of t he  magnetizing c u r r e n t  and 
the  d i r e c t i o n  of  t he  f l u x  pa ths  wi th in  the  c o r e s  a r e  as shown i n  F igure  
9, Sketch 2. Clockwise r o t a t i o n  of the  f l u x  i s  considered as  a clear 
nr zero c c r e  s ts tc  and counterclockwise i u t a t i o n  i s  an i n d i c a t i o n  o f  
a set  s ta te .  (Binary one . )  
This  succ inc t  d e s c r i p t i o n  
Bs i s  the  maximum f l u x  i n t e n s i t y  reached 
The a b i l i t y  of  a co re  to  t r a n s f e r  i t s  s ta te  t o  an ad jacen t  c o r e  upon 
command forms a bas i c  t o o l  i n  the magnetic core  decoding twhn ique .  An 
i l l u s t r a t i o n  of  co re  sense t r a n s f e r  i s  given i n  Figure 9 ,  Sketch 3. With 
the  two c o r e s  i n  a c l e a r  s t a t e  a c u r r e n t  i s  passed through inpu t  I and 
I '  i n  a d i r e c t i o n  t o  set core  C1. 
c o n t a i n s  a b locking  diode o r i en ted  t o  prevent  C 2  from a l s o  be ing  set  a t  
t h i s  t i m e .  
i n  a d i r e c t i o n  t h a t  r e t u r n s  C1 t o  a c l e a r  s ta te .  During t h i s  f l u x  change 
from a set  t o  a c l e a r  s t a t e  a c u r r e n t  i s  induced i n  the  coupl ing  loop be- 
tween C1 and C2. 
The coupl ing  loop (CL) between C1 and C 2  
An a d d i t i o n a l  conductor through c o r e  Cl (c lock)  i s  then pulsed 






process  of f i r s t  s e t t i n g  a core  followed by a c l e a r  pu lse  t o  induce a 
set c o n d i t i o n  i n  a coupled co re  can be cont inued through 'In" c o r e s .  The 
number of c lock  p u l s e s  necessary  for  t r a n s f e r  i s  C p  
equa l s  the  number of c lock  pu l ses  and C equa l s  the  number of c o r e s  i n  
s e r i e s .  Addi t iona l  c i r c u i t r y  i s  necessary,  however, t o  l i m i t  the  mag- 
n i t u d e  of  induced c u r r e n t  and t o  prevent  c u r r e n t  coupl ing  i n  the  re- 
versed d i r e c t i o n .  
n- 1 C , where C p  
The use of  mul t i - ape r tu re  devices  o r  MAD (mul t i - ape r tu re  dev ice )  c o r e s  
permi t  a somewhat e a s i e r  approach. The c o n s t r u c t i c n  i s  similar t o  the  s t a n -  
dard  core  wi th  the  except icn  t h a t  a d d i t i o n a l  small  openings o r  a p e r t u r e s  have 
been p laced  throbgh the  core  r i m .  (See F igure  10, Sketch 1 . )  
This  conf igu ra t ion  e x h i b i t s  unique p r o p e r t i e s  when the  major 
a p e r t u r e s  are used i n  conjunct ion .  I f  a c u r r e n t  c a r r y i n g  w i r e  i s  
thre~ded c d y  th rccgh  the major aperture,  the characteristics zre 
i d e n t i c a l  t o  a convent iona l  core  (Figure 10, Sketches 1 aad 2); however i f  a 
conductor  i s  passed through the  major and one minor ape r tu re  
c u r r e n t  o r i e n t e d  t o  "set" the core  ( " se t  pu lse") ,  on ly  h a l f  of t he  f l u x  
w i t h i n  the  c o r e  w i l l  be a f f e c t e d  (See F igure  10, Sketch 3 ) .  This  w i l l  
occur  because t h e  c u r r e n t  coupl ing  w i l l  on ly  e x i s t  under the  inne r  p o r t i o n  
o r  "leg" of t he  core .  The r e s u l t i n g  c o n f i g u r a t i o n  shows the  o u t e r  l e g  
i n  a "c l ea r "  state and the  inner  l e g  i n  a "set" s ta te  of t he  same co re .  
wi th  the  
When an  a d d i t i o n a l  conductor c a l l e d  a "prime" i s  passed through 
one minor a p e r t u r e  and i s  energ ized ,  t he  fo l lowing  cond i t ions  exis t .  
(See F igure  10,  Sketches 4 ,  5, and 5 . )  
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1. I n  a c l ea red  co re  with tke cu r ren t  o r i e n t e d  downward, t h e r e  
w i l l  be  no change i n  the  f l u x  p a t t e r n .  When t h i s  c u r r e n t  i s  
l e s s  than  a predetermined magnetude and i s  d i r e c t e d  upward, 
a f l u x  change w i l l  no t  occur  because of t h e  c o r e ' s  geometry. 
(See F igure  10, Sketch 4 . )  
2 .  I n  a s e t  co re ,  i f  t h e  cu r ren t  d i r e c t i o n  i s  downward, no f l u x  
r e v e r s a l  w i l l  occur because t h e  coupl ing  e x i s t s  under  t h e  
o u t e r  l e g .  (See F igure  10, Sketch 5 . )  
3 .  I n  a s e t  co re ,  i f  the cu r ren t  d i r e c t i o n  i s  upward, a f l u x  
swi tch  from t h e  i n n e r  t o  t h e  o u t e r  l e g  w i l l  occur  around t h a t  
minor a p e r t u r e .  I n  e f f e c t ,  a decoupled c o r e  has  been c r e a t e d  
wi th in  t h e  c o r e  body (Figure 10, Sketch 6 ) .  This  low ampli tude 
c u r r e n t  i s  known a s  tke  priming p u l s e .  
To r e t u r n  a se t  c o r e  t o  a c l e a r  s t a t e ,  an a d d i t i o n a l  conductor  
th readed  through t h e  major ape r tu re  i s  r equ i r ed .  The nomenclature i s  
e i t h e r  "advance" o r  "c l ea r "  f o r  the c u r r e n t  pu l se  on t h i s  conductor .  
When i t  i s  des i r ed  t o  t r a n s f e r  a s t a t e  from one co re  t o  a subsequent 
c o r e ,  t h r e e  major pu l se s  are  reqz i red :  s e t ,  prime, and advance. Th i s  
sequence i s  i l l u s t r a t e d  i n  Figure 11, i n  which t h e  f i r s t  c o r e  was con- 
s i d e r e d  i n  a set  s t a t e  (Figure 11, Sketch 1 ) .  In  Sketch 2 ,  a prime 
p u l s e  t o  c o r e  one has r eo r i en ted  the  f l u x  p a t t e r n  around t h e  lower 
minor a p e r t u r e .  This  f l u x  change i n  c o r e  one was too  small f o r  t h e  
induced c u r r e n t  i n  t h e  coupl ing  loop t o  s e t  c o r e  2 ,  which remains i n  a 
c l e a r  s t a t e .  An advance pulse  rhrough t h e  major a p e r t u r e  of c o r e  1 
4 3  
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c l e a r s  t h a t  c o r e  and reverses  the f l u s  path u n d e r  t he  to t ip l ing  loop .  
'The c u r r e n t  induced i n  the  loop s e t s  c o r e  2 .  A t  t h i s  t ime,  c o r e  1 i s  
i n  a c l e a r  s t a t e  and co re  2 has  beerl s e t  ( see  Skerch j ) ,  If a pr ime 
pu l se  i s  given aga in ,  c o r e  2 w i l l  be  primed around t h e  upper minor 
a p e r t u r e  and, s i n c e  co re  1 was i n  a c l e a r  s t a t e ,  no change w i l l  occur  
i n  t h i s  co re  (Sketch 4 )  This  process can cont inue  through "n'l c o r e s .  
Conversely,  i f  t he  f i r s t  core  O F  Sketch 1 had been i n  a c l e a r  s t a t e  
when primed, no f l u x  change woul3 have occurred arid t h e  subsequent 
advance pu l se  merely would have cended t o  d r i v e  t h e  co re  f u r t h e r  toward 
t h e  c l e a r  s t a t e .  I n  essence,  a c l e a r  was t r a n s f e r r e d  from c o r e  1 t o  
co re  2 .  
The use fu lness  of t h i s  co re  des ign  can be extended t o  decoding a 
b i n a r y  sequence by assembling the  cores  as i l l u s t r a t e d  i n  F igure  1 2 .  I n  
t h i s  conf igu ra t ion ,  two prime conductors a r e  used and des igna ted  a s  
e i ther  t h e  "one prime" o r  "zero prime". Each decoding t r e e  c o r e  has  
one minor a p e r t u r e  for  d e t e c t i n g  "me's" and another  for  "ze ro ' s " .  The 
p r i m e  conductors  a r e  threaded through a l l  t h e i r  r e s p e c t i v e  minor a p e r t u r e s  
i n  s e r i e s  and te rmina te  i n  a dec is ion  l o g i c  c i r c u i t ,  This  c i r c u i t  is 
coupled t o  a s h i f t  r e g i s t e r  i n  which t h e  code in ques t ion  has  been p laced .  
A s  t h i s  code i s  s h i f t e d  from tEe r e g i s t e r  t o  t h e  dec i s ion  l o g i c ,  e i t h e r  
t h e  "one prime" o r  t h e  "zero prime" conductor  i s  energized (code depen- 
d e n t ) .  The f i r s t  co re  i n  t he  t r e e  r ece ives  a n  i n i t i a l  set  pu l se  f o l -  
lowed by t h e  priming of e i t h e r  the  one o r  ze ro  a p e r t u r e .  
pu l se  i s  given t o  t h e  f i r s t  (bare which causes  a c u r r e n t  induct ion  i n t o  
An advance 
r h e  coup l ing  loop a s soc ia t ed  w i t h  t he  primed a p e r t u r e ,  The sequence of 
priming, s e t t i n g ,  and advancing cont inues € o r  each b i t  i n  t h e  code u n t i l  
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the  unique terminus i s  reached,  I n  a decoding tree, the  number of  
c o r e s  r equ i r ed  i s  equal  t o  2"-'- 
The mdt i -aper ture  c o r e s  can be read  ou t  o r  sensed by two methods: 
a d e s t r u c t i v e  o r  dynamic and a non-des t ruc t ive  o r  s t a t i c  method. The 
former method uses a conductor which i s  passed through the  major a p e r t u r e  
and an ou tpu t  occur s  when the  co re  i s  s h i f t e d .  
d e s t r u c t i v e )  i s  taken a c r o s s  the ou te r  l e g  of a minor ape r tu re .  Th i s  
sense conductor i s  d r i v e n  wi th  a s ine  wave of about 350 kc a t  400 ma.  
At t h i s  c u r r e n t  l e v e l  t he  major/rninor axes  of the  co re  i s  not  d i s t u r b e d  
bu t  the  output  wave shape i s  a l t e r e d  t o  an e a s i l y  d e t e c t a b l e  degree  by 
the  f l u x  s t a t e  of  t he  core .  Tkis  method of  non-des t ruc t  readout  i s  
employed i n  the  Gemini command and c o n t r o l  system. 
The l a t t e r  method (non- 
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7.0 SUMMARY OF MULTI-APERTURE MAGNETIC CORES 
This digital t o c l  possesses some desirable characteristics which 
makes it attractive for MOLAB application. Versatility, non-destruct 
readout, and the elimination of’coupling diodes within the memory are 
a few major features. Yet, several aspects need to be considered when 
employing a device with such a short history: the frangibility of a 
completed matrix, the effect of temperature extremes or variations, 
and the complexity envolved in supporting equipment. 
If the above questions can be favorably answered, then the MOLAB 
vehicle can benefit from these cores in two ways: as a solid state 
decoder and in the temporary storage of commands. Further study will 
be necessary before a complete guarantee can be given. 
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8.0 CODES AND CODING TECHNIQUE 
Since t h i s  broad ca tagory  ens.:ompasses such a v a s t  a r r a y  of  d i s -  
c i p l i n e s ,  on ly  those t h a t  may inf luence  the  d i g i t a l  command s y s t e m  f o r  
a rov ing  v e h i c l e  w i l l  be presented .  Two major schemes w i l l  be developed;  
i . e .  , the  d i s t a n c e  pro tec ted  codes and the codes us ing  p a r i t y  checks.  
8 .1  DISTANCE PROTECTED CODES 
When a series of  d i s c r e t e  pulses  a r e  t r ansmi t t ed  v i a  an RF l i n k ,  
t he  t ransmiss ion  i s  degraded by noise p re sen t  i n  the t r a n s m i t t i n g  medium. 
P r imar i ly ,  t h i s  n o i s e  man i fe s t s  i t s e l f  i n  "wbite Gaussian noise"  wi th  
added no i se  steming from more l o c a l  o r i g i n s  (atmospheric d i s tu rbances ,  e t c .  ). 
The poss ib l e  e f f e c t  of t h i s  d i s turbance  on a pu l se  t r a i n  i s  the  a d d i t i o n  
o r  d e l e t i o n  of an  intended p u l s e  which r e s u l t s  i n  an i n c o r r e c t  code o r  
pu lse  t r a i n .  The probable  number o f  e r r o r s  occur r ing  wi th in  a f i n i t e  
group of  pu l se s  (b ina ry  code) can be s t a t i s t i c a l l y  determined wi th  the  
major v a r i a b l e  be ing  the  s igna l /no i se  r a t i o  a t  the command r e c e i v e r .  
Returning t o  the  p c s s i b i l i t p  of  the r e c e i v e r  d e t e c t i n g  an e r roneous  
code, a very  simple sequence w i l l  i l l u s t r a t e  the errcr p r o b a b i l i t y ;  e . g .  , 
0 0  
0 1  
1 0  
1 1  
An inspec t ion  of these  four  codes w i l l  show t h a t  i n  50% of the  codes an 
a l t e r a t i o n  of e i t h e r  a one o r  a zero then w i l l  r e s u l t  i n  unintended sequence. 
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I n i t i a l  Code Addit ion of  a "one" Addit ion of  a "zero" 
0 0  O l o r 1 0  - -  
0 1  1 1  0 0  
1 0  1 1  0 0  
1 1  - -  O l o r 1 0  
Separa t ing  t h i s  sequence i n t o  groups t h a t  would r e q u i r e  more than a mere 
a d d i t i o n  or d e l e t i o n  of a pu l se  w i l l  o f f e r  g r e a t e r  p r o t e c t i o n  from a c t i o n  
upon a n  erroneous code. Th i s ,  then,  i s  the  b a s i s  f o r  " d i s t a n c e  pro- 
t e c t e d  codes". 
To f u r t h e r  exemplify t h i s  coding,  two d i s t i n c t  groups may be e x t r a c t e d  
from t h i s  sequence. 
Group I n i t i a l  Code Addit ion o f  a "One" Addit ion of  a "zero" 
#l 0 0  O l o r l O  - -  
1 1  - -  1 0 o r O 1  
1 0  
0 1  
1 1  
1 1  
0 0  
0 0  
I t  is apparent  t h a t  by s e l e c t i n g  a p a r t i c u l a r  c o d e ( s )  w i t h i n  a f i n i t e  
family of p o s s i b l e  codes,  a degree of s e l f  p r o t e c t i o n  can be achieved.  I n  
t h e  above groups (both 1 and 2 ) ,  t he  a d d i t i o n  o r  d e l e t i o r ,  of  a b i t  d i d  n o t  
r e s u l t  i n  p o r t r a y i n g  a code t h a t  would be ac t ed  upon a s  i n  each  group t h e  
o n l y  ma t r i ces  t h a t  would be p r e s e n t  a r e  those  given under " i n i t i a l  code". 
Obviously, t h i s  sequence of  on ly  two b inary  d i g i t s  i s  too  l i m i t e d  f o r  
most command a p p l i c a t i o n s ,  bu t  t o  achieve t h i s  s e l f  p r o t e c t i o n  w i t h i n  a 
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l a r g e  family becomes d i f f i c u l t  i f  only t h e  i n s p e c t i o n  method is used.  
Hamming has  descr ibed a method of c r e a t i n g  a three-dimensional 
model f o r  determining s i n g l e - e r r o r  d e t e c t i n g  codes; t h a t  is, a 
code which can be dfsplaced by a s i n g l e  d i g i t  and which w i l l  no t  
r ep resen t  ano the r  command. 
simple and a c c u r a t e ;  f o r  example, i f  s i n g l e - e r r o r  d e t e c t i n g  codes 
For r e l a t i v e l y  few codes, h i s  method is 
were d e s i r e d  from a sequence of t h r e e  success ive  b i t s  (0 - 7 decimal 
count ) ,  a three-dimensional model would be: 
001 A 
The code determinat ion i s  performed from t h i s  model by assuming a 
s t a r t i n g  point  a t  one v e r t e x  and then t r a v e r s i n g  t o  t h e  next  p r o t e c t e d  
code by moving through one r i g h t  a n g l e .  The accep tab le  codes a r e  il- 
l u s t r a t e d  i n  t h e  ske tch  by not ing those  v e r t i c e s  t h a t  a r e  c i r c l e d .  For  
re ference ,  t hose  codes a r e  l i s t e d  below: 
0 0 0  
0 1 1  
1 1 0  
1 0 1  
It +s ev iden t  t h a t  i n  each s e l e c t e d  code a change of a t  l e a s t  t w o  
b i t s  i s  necessa ry  i n  o rde r  t o  d u p l i c a t e  any o u t e r  code. This  Hamming 
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method of code de termina t ion  by models can be extended by p l ac ing  a "cube 
w i t h i n  a cube"; however, wi th  many b i t s  ( s a y ,  f i v e  o r  s i x ) ,  t h e  c o n s t r u c t i o n  
and i n t e r p r e t a t i o n  becomes unwieldy. 
To more e a s i l y  determine d i s t a n c e  p ro tec t ed  codes when using a more 
ex tens ive  pulse  t r a i n ,  the  Karnaugh-Vetch mapping method o f f e r s  a n  
e a s i e r  approach. I n  t h i s  model, a l l  p o s s i b l e  codes a r e  ev ident  wi th  the  
s e l e c t i o n  of d i s t a n c e  p r o t e c t i o n  being made by v i s u a l  p l o t t i n g  of the  "XI' 
and "y" coord ina tes .  
g iven  i n  Figure 13 is a s i n g l e - e r r o r  d e t e c t i n g  code wi th  an  a r b i t r a r y  start  
a t  0 0 
ed us ing  a d i f f e r e n t  i n i t i a l  ve r t ex .  
use i n  determining not  on ly  s i n g l e - e r r o r  d e t e c t i n g  codes a s  i l l u s t r a t e d ,  
bu t  a l s o  s i n g l e - e r r o r  c o r r e c t i n g  double-er ror  d e t e c t i n g  and double-er ror  
c o r r e c t i n g  and d e t e c t i n g  codes.  
The example of t he  Kernaugh-Vetch code map as 
0 1 0 0 0 1; however, many p o s s i b l e  code sequences may be cons t ruc t -  
This  map method may be extended f o r  
I t  should be noted ,  however, t h a t  wi th  each a d d i t i o n a l  "condi t ion" t h a t  
i s  a t t a c h e d  t o  the code group, the  t o t a l  number of p r o t e c t e d  codes t h a t  can 
be r e a l i z e d  from a f i n i t e  series of d i g i t s  i s  reduced. 
8 . 2  PARITY CHECKED CODES 
I n  p a r i t y  checked codes,  a t  l e a s t  one p o s i t i o n  wi th in  the  code i s  used 
t o  check the v a l i d i t y  of t h a t  sequence. One of the  most common schemes i s  
t o  use an "odd" p a r i t y  check i n  which the number of  ' lone's" appear ing  wi th in  
any one code sequence i s  always "odd" (1, 3 ,  5, e t c . ) .  This  cond i t ion  i s  
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FIGURE 13 - CODE DETERMINATION FOR SINGLE-ERROR DETECTION 
USING KARNAUGH-VETCH MAP WITHOUT PARITY CHECK 
Exp Lana t i o n  : 
A code i s  r ead  from t h i s  ma t r ix  by f i r s t  n o t i n g  the  major h o r i z o n t a l  
d e s i g n a t i o n ,  then  the  minor des igna t ion .  The nex t  four  b i t s  a r e  determined 
by f i r s t  r ead ing  the  two major v e r t i c a l  b i t s ,  then  the  t w o  minor v e r t i c a l  
e n t r i e s  , 
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as a function of the "ones" in the message body. 
can be used with the parity bit by maintaining an even number of "ones". 
Too, an "even" parity check 
Although this very simple method has had wide acceptance in the hard- 
wired systems, the amount of confidence is proportional to the message length. 
Within a message, if an odd number of bits change their characteristics, then 
the single parity check will work. But if the change occurs in an even 
number of bit positions, the ability to detect an error vanishes. Other 
drawbacks to this method include the inability to correct a code and the 
inability to establish the position in which an error occurred. 
R. W. Hamming, in his paper for the Bell System Technical Journal, describes 
a method by which the number of parity check bits becomes a function of the 
message length. This same method also isolates the particular bit in error. 
For simplicity, the single-error correcting code will be used to illustrate 
the principle, but this same operation can be extended to very elaborate parity 
checks which can correct several errors within a code sequence. 
In a single-error correcting code with parity checking: 
n = number of bits in sequence 
m = number of bits used in this sequence for message information 
k = parity check bits 
Therefore: 
k =  n-m 
The "checking number" which describes the positional error (if an error 
has been detected) is derived by observing t,he true or not true condttion of 
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t h e  "k" b i t s  wi th  r e s p e c t  t o  "ml' b i t s ;  i . e . ,  i f  the  p a r i t y  b i t  (k) i s  n o t  
t r u e  ( o r  non-agreement) with r e spec t  t o  a checked p o s i t i o n  i n  t h e  "m" code, 
a "one" i s  en te red  i n  a r e g i s t e r  reading from r i g h t  t o  l e f t .  Coqversely,  a 
"zero" i s  en te red  i n  the  same r e g i s t e r  i f  a t r u e  cond i t ion  i s  de tec t ed .  The 
summation of t he  b ina ry  number i n  the r e g i s t e r  denotes  the  p o s i t i o n  i n  e r r o r  
w i t h i n  the  message sequence. This  checking number must desc r ibe  the  
m + k + 1 s e p a r a t e  i d e n t i t i e s  so tha t  
2 k 2 m  + k + 1, 
which i s  a func t ion  of k .  With n = m + k ,  then 
2" 2m> - 
- n  + 1 
This  i n e q u a l i t y  w i l l  g ive  the maximum "m" f o r  a given "n". 
If an  example i s  taken ( say  n = 7 ) ,  then:  
2m = 16 
m = 4  
Therefore :  
n = 7  
m = 4  
k = 3  
Having e s t a b l i s h e d  "kI1, t he  p o s i t i o n s  over  which each k - b i t  has in f luence  
i s  determined.  The f i r s t  p a r i t y  b i t  v a l i d a t e s  a l l  b ina ry  coun t s  ending i n  a 
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b i n a r y  "one", as shown i n :  
1 =  1 
3 = 1 1  
5 = 1 0 1  
7 = 1 1 1  
e t c .  
De c ima 1 
E q u iva  1 en t 
The second p a r i t y  check b i t  v a l i d a t e s  a l l  b ina ry  counts  i n  which the  
second p o s i t i o n  con ta ins  a "one"; i . e . ,  
1 0  
1 1  
1 1 0  
Decimal 
Equivalent  
= 1 0 1 0  
e t c .  
The t h i r d  p a r i t y  check b i t  v a l i d a t e s  t h e  b i n a r y  count i n  which the  t h i r d  
p o s i t i o n  conta ins  a 'lone"; i . e . ,  
1 0 0  f 4  = 
5 =  1 0 1  
6 =  1 1 0  
7 =  1 1 1  
1 2  = 1 1 0 0  
e t c .  
Decimal 
Equivalent  
The p o s i t i o n s  wi th in  the  pu l se  t r a i n  occupied by t h e  p a r i t y  b i t s  a r e  
1, 2 ,  4 ,  8, e t c . ,  which have the  advantage of mutual independence. 
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The format of t h i s  code (n = 7 ,  m = 4 ,  k = 3) using an even p a r i t y  check 
i s  given below: 
3rd p a r i t y  check 
2nd p a r i t y  check 
~ 
1st p a r i t y  check 
Function 





















































































































































































To i l l u s t r a t e  the  code-cor rec t ing  a b i l i t y  of t h i s  scheme, assume the  
code f o r  a decimal 10 i n  the above format.  
Decimal 10 = 1 0  1 1 0 1 0 
I n s e r t i n g  an e r r o r  in the  t r a i n  = 1 0 1 1 0 0 0, then by comparing p a r i t y  b i t s .  
Given k Cor rec t  k V a l i d i t x  
kl 1 1 0 ( t r u e )  
1 0 1 (no t  t r u e )  
0 1 1 (no t  t r u e )  
k2 
kg  
When the  v a l i d i t y  checks a r e  en te red  i n  a r e g i s t e r  from r i g h t  t o  l e f t ,  
110 t R e g i s t e r  decimal 6 
and the  b inary  count i s  read t o  the  decimal equ iva len t .  
p o s i t i o n a l  e r r o r ;  i . e . ,  s i x t h  p l ace  ( r ead ing  from the l e f t ) .  
This  w i l l  g ive  the 
Using t h i s  small  number (7)  f o r  "n" r e q u i r e s  t h a t  317 of the  word be 
devoted t o  p a r i t y  checking, bu t  extending the  code group t o  approximately 39 
b i t s  ( t h e  proposed MOLAB format)  would r e q u i r e  on ly  5 p a r i t y  b i t s  as 
m log2 = 549 x lo9 
m log2 = 13.7  x 10 9 
40 
10 m = log 1 .37  + log 10 
0.301 




m = 34 
k = 5  58 
This coding technique can be expanded to: 
a. Single error detecting 
b. Single error correcting 
c. 
d. Double error correcting 
Single error correcting - double error detecting 
However, the number of active codes decreases with each additional 
qualification as is shown in the following formulas: 
a = 2'-2 
n - 1  
b = 2" 
n + l  
c = 2" 
n + 2  
d = 2" 
n + 3  
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APPENDIX 
I n  al: e f f o r t  t L  s i z e  the  requi red  s to rage  time f o r  commands, an  
a n a l y s i s  was made of  t he  "see t i m e "  of t he  moon from Goldstone, C a l i f o r n i a .  
This  a n a l y s i s  w a s  based on the fol lowing d a t a :  
1. The moon's e c l i p t i c  exceeds the  s u n ' s  e c l i p t i c  by 5.8", which 
permi ts  t he  moon t o  extend i t s  z e n i t h  p o s i t i o n  to  about  28-112' 
n o r t h  and south  l a t i t u d e .  
2.  The "look angle"  of Golds tone ' s  antennas i s  assumed t o  be wi th in  
5' of the  horizon.  
3. A worst  case cond i t ion  wi th in  any 24 hour pe r iod  would e x i s t  when 
the  moon's e c l i p t i c  would p o s i t i o n  t h a t  body a t  28.5'  sou th  l a t i t u d e .  
By no t ing  the  ske tch  i n  F igure  14, two times the  l eng th  of s i d e  "b" w i l l  
g i v e ,  i n  r e l a t i o n  t o  t ime,  the number of a d d i t i o n a l  hours  t h a t  t he  moon would 
be hidden from l a t i t u d e  35' N (Goldstone).  The added time t o  "acquire"  the  
moon a t  5' above the  horizon must be included.  Therefore ,  i f  t he  moon were 
p o s i t i o n e d  over  the  equator ,  the  hours of moon view would be w r a d i a n s  f o r  
1 2  hours .  
A- 1 
To determine the cord length "b" using spherical trigonometry: 
1. Sin a = tan b c o s p  
2. tan b = sin a ( look  angle of Goldstone's antennas) 
C O S B  + 5" 
3. tan b = sin 35" 
cos 28.5 + 5 
4. tan b = 0.57358 
1.5108 
5. tan b 0.3835 6 21' = 0.366 radians 
The conversion to a time base is 
t = n- 26 
W e 
Where we a gl12 hours 
t = 3.1416 - 0.732 
W e 
t = 9 . 2  hours 
The figure of 9.2 hours results in a maximum time of 14.8 hours that 
will be required for storage of commands issued for Goldstone. 
this is a worst case condition, as the moon's travel has been negated in this 
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